A systemic approach to sustainability is suggested where the society-environment relationship is conceived in terms of complex, open systems. The sustainability of the relationship between society and the environment can be analyzed with the help of Material Flow Analysis (MFA). MFA reveals aspects of the economy that concern its relationship to the environment and can't be covered by monetary analyses. In this work material flows and their resulting indicators for the Brazilian economy from 1975 to 1995 are presented. The results show that the Brazilian economy in 1995 became much more intensive in material than in 1975. This development is in line with a global trend of material consumption becoming more intensive and unsustainable. The global economic system has not diminished its size, but expanded its consumption drive in relation to the environment.
Introduction
After its initial phase of denouncement and diagnosis, the debate on the sustainability of the relation between society and the environment, seems to have reached maturity with the legitimacy of a methodological matrix known as Material Flow Analysis (MFA). Tested during the nineties by various research institutions 1 , this approach is now formally recognized as a reference by the European Union (EUROSTAT 2001) . The results achieved with the use of MFA allow an analysis of the economic system through its material, and not only its monetary flows, as in classic analytical instruments. This permits us to measure the material intensity of the economy, the rationality of natural resource use, and the size of the ecological rucksacks 2 . Such information allows us to know the environmental dimension of economic processes, as well as to formulate sustainability indicators, with a consistent empirical base. In this work, material flows and their resulting indicators for the Brazilian economy from 1975 to 1995 are presented.
Theory, Methods and Materials
Material Flow Analysis is an analytical method affiliated to systems theory 3 . This theory holds that natural systems 4 may be categorized 5 , as suggested by Prigogine and Stengers (1984) , according to the type of relation developed with their specific environment, that is: isolated systems, which exchange nothing with the environment 6 , closed systems, which only exchange energy 7 , and open systems, which exchange energy and material with its environment. An open system emerges, grows, holds itself in a stationary state, evolves, holds news stationary states and, when it is not able either to maintain such states or to auto-evolve, it perishes. This cycle may be synthesized as follows: (i) in order to guarantee the reproduction of its energy-material metabolism, the system imports both material and energy from its specific environment -its field of interaction; (ii) for this import to occur, the system acts upon its environment in order to mold it according to its needs; (iii) when the system acts to organize its environment importing material and energy, it also 'imports' changes in that environment, which compels it to react through adjustments in its working or structural change parameters; (iv) energy necessary for this permanent behavioural and structural re-adaptation, is the entropy of the system, which, if in excess, may turn its existence unviable.
Thus, the sustainability of an open system, from its performance point of view 8 , depends on the nature of its energy-material metabolism, that is, if its type of reproduction is sustainable or not. The quality of this metabolism energy-material is revealed through observable effects in the environment, in the structural coherence and in the internal elements of the system. These effects need to be perceived by the system, so it may adjust its metabolism.
MFA is a method that allows access to the society-environment relation through the measurement of two main dynamics: the first one, the socioeconomic metabolism, conveys the notion that society extracts resources from the environment through the economic system, processes these resources, and deposits them in the environment in the form of products and waste; the second one, colonization, suggests that society, also mediated by its economic system and aiming at adjusting the environment to its interests, intervenes on it, transforming it to attend to its exclusive necessities, damaging other species. Further reading about this method may be found in Bringezu (2000) , Bringezu/Schütz (2001) , Fischer-Kowalski (1998 , 1999a , 1999b .
Through the study of the socioeconomic metabolism, it is possible to characterize the main material flows that have originated from the society-environment relations. Such flows reveal the material intensity of the economy and, therefore, its sustainability pattern.
For this study, the main conceptual categories used are listed below. The material aggregates associated to these concepts have been calculated, and its indicators have been elaborated and its trends examined during the study-period. Such aggregates are:
• Population: population of the country 3 This theory has been treated as a way of thinking about reality that can only become concrete when associated with a particular field of knowledge, and in these circumstances, it would adjust itself to the rigor and characteristics of the host field. Systems theory, however, is an autonomous knowledge field, with its own orientations, and in relation to other fields, becomes a meta-theory with a particular cosmo-vision. 4 Although there are systems made by humans, like machinery and software, concepts utilized here refer to natural systems, that is, those which form a part of the functioning of the material and social environment. 5 When not referenced, the concepts utilized here are based on the following works: Fenzl ( , 1997 , Machado (1998) 6 Such systems exist because of the energy, which for some reason, is already circulating in their interior. In practice, with the exception of the universe itself, there are no isolated systems. 7 Earth is an example. It receives solar energy and exports to space unutilized energy or that which escaped from its internal processes 8 There are environmental mutations that appear autonomously in the environment, that also affect the system's sustainability.
.
• Gross Domestic Product: (GDP 9 .): economic product derived from national accounts; • Domestic Extraction (DE): the material, used by the economy, that was extracted from of the country's own environment;
• Direct Material Input (DMI): total material used by the economic system. It is calculated by the sum of domestic extraction (DE) and by imported material.
• Domestic Material Consumption (DMC): total material used for the economic system and directed to the country's own economy. It is obtained by subtracting exports from DMI.
• Total Material Input (TMI): total material mobilized by the economic system for its activities. It is calculated by the sum of DMI and the material extracted domestically and not used, that is, material which does not integrate the commodities in the economic system. Details on the data and its gathering and calculation process may be obtained in .
Results
The main results and indicators show that: One may observe that all aggregate materials had a growth superior, in large scale, to population growth (47,72%) and the growth of the GDP (67,54%). This means that the Brazilian Economy has an intense and growing demand for material that does not result from factors which can explain such growth (population and GDP growth).
In relation to the indicators, one may observe that:
• DE per capita was 9.9 tons and grew to 14.6; DMI per capita was 10.4 tons and grew to 15.2; DMC per capita was 9.6 tons and grew to 13.9; and TMI per capita was 15.7 tons and grew to 21.6; • DE per GDP million (DE/Million of GDP) was 2,856 tons and grew to 3,756; DMI per GDP million was 3,000 tons and grew to 3,904; DMC per GDP million was 2,749 tons and grew to 3,577; TMI per GDP million was 4,507 tons and grew to 5,564.
When considering per capita consumption, we observe that the absolute growth of material demand was about 46% in relation to DE, DMI and DMC and 37% in relation to TMI. When considering consumption per million ($) of GDP, we observe that absolute growth in demand was about 31% in relation to DE, DMI and DMC, and 24% in relation to TMI. The results expressed by these indicators show that in 1995, the Brazilian economy became much more intensive in material than in 1975.
Trends of aggregates and indicators show that there is a consistent growth trend of all indicators. Besides, we see a trend to detach growth of material consumption from GDP and population growth. This suggests that material consumption in Brazil, although influenced by population and GDP growth, has its own dynamic and becomes more intensive and unsustainable.
Conclusions
Use of quantitative data and easily understood indicators allowed to demonstrate that the Brazilian economy follows the same patterns of industrialized countries, i.e. it strides towards even more unsustainable patterns (Machado/Fenzl 1999) . Without political measures and research, such as this, which highlight the material intensity of national economies, the systemic logic of such models will continue to be a great source of environmental impacts.
From this perspective, the results of this study become important for all developing countries, being the source for many of the raw materials with a large demand for industrialized countries, like iron, bauxite, timber, oil, etc. This methodology allows us to calculate the environmental load of exported natural resources in order to benefit other regions of the world.
With the exception of particular missionary efforts, until today the debate about the relation between society and the environment has seen a great display of generous intentions and large political mobilization of organized institutions, and international development agencies. Although all commit themselves to sustainable development, the principle has not been made operational because of the absence of consistent alternatives. MFA is one of the methods that can demonstrate that presently there is an alternative to overcome this obstacle. In addition to that, it has shown that in the last 20 years of debate about sustainability, of research, political conferences, and organized militancy, what we see is that the economic system continues its course of action: It has not diminished, but expanded its consumption drive in relation to the environment. The material intensity is globally increasing, despite the discourse of rationalization of production and "dematerialization" of the global economy, based on services and ICT. Therefore, it is necessary to search for other ways of measuring the efficiency of economic processes. The system must internalize awareness of material flows moving the global economy. In order to do this, measurement is required and, for this purpose, the methodology used herein has proved to be potent in revealing the particularities and characteristics of the material demands of the economic system. So far MFA is a powerful method to "measure" the degree of unsustainability of an economic system, revealing aspects which are absolutely not covered by a simple monetary view of the economy.
